ABSTRACT 1
Southern California Bight (SCB), individual-level residency to localised areas (n=16 for 23 >30 days; n=4 for >6 months) was associated with warm, shallow, nearshore waters 24 (>18°C, <500m); with cool waters (14-15°C) occurring over complex seafloor 25 topographies and convergent (sub-)mesoscale structures at the surface. 26
Main Conclusions 27
Biophysical conditions in the southern CCS generate productive foraging habitats that 28
can support the fin whale population year-round and allow for extended periods of 29 residency in localised areas. High-use habitats for fin whales are co-located with areas of 30
(A) INTRODUCTION 39 40
Understanding the spatial ecology of wide-ranging species is complex -as habitat 41 selection is known to be driven by a range of inter-related intrinsic and extrinsic 42
motivations-yet a comprehensive understanding of the dynamics of space use is essential 43 for conservation and management. Wide-ranging species must make habitat selection 44 decisions based upon the interplay between intrinsic motivations such as breeding cycles, 45
inter-and intra-specific competition, predation risk and spatial memory; and extrinsic 46 factors such as heterogeneity and variability in habitat quality (Schick et ranging, long-lived, large-brained and social marine vertebrate is known to occur 82 throughout the temperate zones of the global ocean (Edwards et al. 2015) . However, our 83 understanding of fin whale spatial ecology at (sub-)ocean-basin scales, including 84 population structure, migration patterns, preferred habitats, inter-and intra-population 85 variability and plasticity in habitat selection decisions, is severely lacking, which 86 complicates conservation (Geijer et al. 2016) . 87
88
Developing effective conservation and management strategies for baleen whales relies 89 upon a more complete understanding of how environmental conditions influence the 90 spatial ecology of different populations at ocean-basin scales and finer, and of the role of 91 dynamic biophysical coupling in driving prey availability and, hence, space use 92 decisions. Modelling habitat suitability for populations of conservation concern is useful 93 for understanding animal-environment interactions, for locating high-use habitats and 94 areas of residency (e.g. Forney et al. 2015) , for predicting how these habitats might shift 95 of conservation concern co-exist with intense anthropogenic pressure on the marine 103 environment. Predicting habitat suitability for baleen whales in the CCS throughout the 104 annual cycle and at sufficient spatial and temporal resolution is critical to anticipating 105 overlaps with anthropogenic threats such as ship strike risk, underwater noise and 106 fisheries (e.g. Hazen et al. 2016 ). However, this is complicated by the inherent 107 system subject to intense episodic upwelling events and a complex and variable flow 109 field (Bograd et al. 2016). Biophysical conditions in the CCS can be highly variable at 110 (sub-)mesoscales (1-10 km) and over timescales of days-weeks-months, leading to 111 heterogeneity in the manifestation of prey patches (Santora et al. 2011 ). Baleen whales 112 are known to exhibit threshold foraging responses, in that they will remain to feed on a 113 particular prey patch until a prey density threshold is reached and energetic constraints 114 Transmitter (LIMPET; Wildlife Computers, Redmond, WA, USA) tags were deployed 131 from a 7-8m rigid hull inflatable boat with a modified bow pulpit, using a Dan-Inject 132 pneumatic projector (Børkop, Denmark). Two types of tags were used: location-only 133 SPOT5 tag (n=49) and location and dive-reporting SPLASH10-A tag (n=18). Duty-134 cycling varied by tag type, to conserve battery power. SPOT5 tags were programmed to 135 transmit daily for 50 days, then switch to every other day for 20 days, followed by every 136 third day for 30 days, every fifth day for 50 days, and then every 10 th day thereafter. 137
Programming for SPLASH10-A tags varied as new information was applied regarding 138 battery and data transmission rates. Ten of the tags transmitted daily before they stopped, 139 the remaining 8 transmitted for 20 (n=1), 22 (n=1), 23 (n=4), and 28 (n=2) days before 140 switching to an every other day duty-cycle (Table S1) . 141
142
All location fixes were filtered using the Douglas algorithm (Douglas et al. 2012 ). We 143 also ran an additional speed filter based on maximum feasible speed for fin whales (15km ease-grid-global/) using the 'raster' package for R (Hijmans et al. 2015) . were included as random effects. Initial models were constructed with unconstrained 225 smooths, then smooths were constrained to five knots. Response curves were plotted by 226 predicting over the range of each predictor while others were held constant at their mean 227 (Fig. 3) . 228
229
Model diagnostics included k-fold cross-validation (CV), with a 75%/25% data split and 230 random sampling of the presence-availability data frame over each of 5 folds, using Area 231
Under the receiver operating Curve (AUC) as a diagnostic measure (k-fold CV score, 232
AUC = 0.76). 233 234
High-resolution spatial predictions (0.05°) of relative habitat suitability for fin whales 235 (HSI, scaled 0-1) were generated through predicting from our GAMM response curves 236 over multi-parameter physical datasets quantifying the average seasonal conditions in the 237 CCS during the tracking period (2008-14), obtained via remote sensing. Inter-annual 238 variability in seasonal habitat suitability was determined using a two-step process. Firstly, 239 cell was calculated through prediction from model response curves over separate seasonal 241 physical data fields for each year of the tracking study (Fig. S1 ). Secondly, 50% KUD 242 isopleths for all animals tracked in each year were overlain to determine the extent of 243 overlap in high-use habitat over the tracking period (Fig. 5a) . 
(B) Movements and Spatial Ecology 268
Telemetry data collected over timescales of days-weeks-months ( Fig. 1a; Fig. S2 ; Table  269 S1) has revealed complexity in habitat use by fin whales in this dynamic marine 270 ecoregion. A high degree of intra-population variability in space use was evident, as was 271 the lack of a clear population-level seasonal migration between high-latitude foraging 272 areas and low-latitude breeding areas, common to other baleen whales (Ramp et al. 273
2015). However, a general trend for increased use of areas in the central CCS between 274
Point Arena (38.9°N, 123.7°W) and Point Conception (34.4°N, 120.5°W) during summer 275 (Fig. 2b) , and south into Mexican waters in the winter (Fig. 2d) , is evidence of some 276 seasonal movement within the CCS domain. 277
278
Tracking data clearly indicated a region of year-round residency in the Southern 279 California Bight (SCB; Fig1b; Fig. 2 ), though it must be noted that 55 tag deployments 280 (86%) took place within the SCB (Table S1 ). Fin whales were consistently present in the 281 SCB during all seasons (Fig. 2) , and throughout all years of the tracking study. This year-282 round residency at the population-level was mirrored by extended residency at the 283 individual level, with several whales tagged in different years exhibiting residency to 284 localised areas for periods of 30 days or more (n=16; Fig. S3 ; Table S1 ). Seasonal shifts 285 nearshore habitats along the mainland coast and in the northern Catalina basin in autumn 287 and winter, and then to disperse to the outer waters of the SCB, offshore and further north 288 in spring and summer (Fig. 2) . 289
(B) Broad-scale habitat suitability 291
Broad-scale models establish that relative habitat suitability over seasonal timescales 292
were strongly influenced by water depth, thermal properties of water masses, primary 293 productivity, the frequency of occurrence of thermal fronts, and, to a lesser extent, 294 bathymetric rugosity (Fig. 3) . Whale presence was associated with waters less than 295 3000m deep, particularly those shallower than 1500m (Fig. 3a) . A preference for cooler 296 waters in the 8-10°C range likely reflects use of areas along the Washington coast in 297 winter, although may also be associated with upwelling of cool waters further south. Fin 298 whales also exhibited a preference for shallower depths (<500m) with warmer waters in 299 the 16-20°C range -at the other extreme of thermal habitat availability in this domain 300 (Fig. 3b) . This was associated with utilisation of the SCB, a region into which the warm 301
Southern California Countercurrent intrudes (Hickey, Dobbins & Allen 2003). Whales 302
preferred intermediate chlorophyll-a concentrations (Fig. 3c) , and areas of higher thermal 303 front frequency (Fig. 3d) . The influence of bathymetric rugosity (standard deviation in 304 water depth; Fig. 3e ) is likely to reflect temporary associations with the shelf break in the 305 northern CCS, and with bathymetric features such as ridges and submarine basins in the 306 central and southern CCS. 307 308 of seasonal presence-availability models (Fig. 4) . Habitat suitability was consistently 310 high, year-round, in the SCB. In spring, suitable habitat was available to fin whales on 311 the continental shelf along the entire western coast of the US, but the most favourable 312 conditions were in the SCB (Fig. 4a) . In summer and autumn, habitat suitability increased 313 in the central CCS, including Monterey Bay and the region between Point Pinos (36.6°N, 314
121.9°W) and Point Conception (Figs. 4b. 4c) , presumably related to seasonal upwelling. 315
In winter, suitable habitat again contracted to the southernmost region of the CCS, as fin 316 whales moved south into warmer Mexican waters (Fig. 4d) . Here, we present a single 317 model with seasonal environmental data for each of the four seasons informing overall 318 predicted habitat suitability responses. Results of separate season-specific models are 319 provided in Supporting Information (Figs. S4-S8) . 320
321
Inter-annual variability in habitat suitability was low across most of the CCS over the 322 tracking period (2008-14; Fig. S1 ). Standard deviation in predicted habitat suitability 323 among years was particularly low in the SCB. 324
(B) Biophysical influences on side fidelity 326
Residency in localised areas was initially revealed through mapping individual tracks, 327 revealing a clustering of location fixes around bathymetric features in the SCB (Fig. 5,  328 Fig . S3 ). Modelling individual residence times as a response to contemporaneous 329 conditions generated further insight into (sub-)mesoscale biophysical influences on 330 foraging decisions (Fig. 6) . Several individuals remained for extended periods in shallow, 331 warm, nearshore areas, leading to highest predictions of residence time in warm 332 contemporaneous SST (18-20°C; Fig. 6a ) and shallow depths (Fig. 6b) . Residence time 333 was also elevated in the 14-16°C range, indicating associations with cooler water masses 334 further offshore (Fig. 6a) . The response curve for water depth peaks at 1500m -in 335 concordance with the seasonal model. In terms of primary productivity, residence time 336
was also highest at intermediate chlorophyll-a concentrations (Fig. 6c) . 337
338
Bathymetric rugosity had a stronger influence on residence time than in seasonal models, 339 presumably owing to associations with complex seafloor topographies in the SCB. The 340 humped-shape response to standard deviation in water depth indicates a preference for 341 seafloor features, but an apparent avoidance of the shelf-break (Fig. 6d) . FSLE -which 342 (Fig. 6e) . Similarly, spatial standard deviation in FSLE -a measure of the relative 345 number and strength of convergent (sub-)mesoscale structures in the proximate 346 environment -increased with residence time (Fig. 6f) . In summary, individual residence 347 time appears to be strongly influenced by water depth and bathymetric features, and 348 hence the interactions between complex seafloor topographies and Lagrangian Coherent 349
Structures at the surface. are likely to be instrumental in designing management solutions that can accommodate 495 both human users and the conservation of protected species as we move further into the 496
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